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Single hybridsAbstract Characters of silkworm could be divided into positive and negative directions. Highest
values were preferred for positive direction while lowest performance was preferred for negative
direction traits such as mortality, duration, double cocoon, etc.
Since 1993, evaluation index formula, as well as subordinate function formula was used in 1971
for determines superior silkworm varieties.
It is very easy to apply these formulae on positive direction characters. But these formulae are not
suitable for negative direction characters. Some researchers were applying these formulae on both
positive and negative characters. Other researchers neglected calculations of evaluation index and
subordinate function for negative direction characters.
The present study suggested new modiﬁcations of evaluation index and subordinate function for-
mulae for easily calculation of all characters. Thirteen single hybrids of mulberry silkworm Bombyx
mori L. were used in this investigation.
Results reveal that, using suggested modiﬁed formulae would change the decision of judgment of
superiority of some hybrid genotypes.
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The silkworm, Bombyx mori L. is an important economic in-
sect and also a tool to convert mulberry leaf protein into silk.
Industrial and commercial use of silk, the historical and eco-
nomic importance of production and its application all over
the world ﬁnely contributed to the silkworm promotion as a
powerful laboratory model for the basic research in biology
(Babu et al., 2009).
Exploitation of heterosis through hybrids in silkworms for
economic traits triggered a revolutionary change in overall
qualitative and quantitative silk output (Hirobe, 1957; Hara-
da, 1961; Kobayashi et al., 1968; Gamo, 1976; Subba Rao
and Sahai, 1990; Nagaraju et al., 1996; Mal Reddy et al.,
2012).
The improvement of indigenous breed could be achieved
through hybridizations utilizing exotic breeds. Harada (1956)
revealed that new silkworm breed has been evolved through
hybridization followed by selection. The F1 hybrids are more
productive and robust, which can be easily reared by the farm-
ers by adopting appropriate rearing technology (Ramesha
et al., 2009; Seshagiri et al., 2009; Manohar Reddy et al.,
2010; Kiran Kumar and Sankar Naik, 2011). New best hybrids
can be exploited in commercial scale. Also, local races can be
evolved using the hybridization, inbreeding and selection pro-
gram (Ghazy, 2012).
Evaluation index and subordinate function formulae
were used to determine superiority hybrids according to
Mano et al. (1993), Gower (1971), respectively. But when
adopting these formulae on the data of negative direction
characters such as larval duration, larval mortality, double
cocoon percentage . . . etc problems would be faced. Because
of better performance evaluation index or subordinate
function values differed. This means that low duration have
low value of evaluation index and subordinate function
values. Many researchers faced this problem in their inves-
tigations while others avoiding to estimate the evaluation
index and subordinate function for characters with negative
directions.
The present study is an attempt to overcome these prob-
lems. A suggested modiﬁcation was made of evaluation index
and subordinate function equations. Also, superior silkworm
single hybrids were determined under Egyptian conditions by
using regular and modiﬁed evaluation index and subordinate
function formulae.
Materials and methods
Silkworm resources and hybridization
Ten silkworm races of RBMJ1, RBPCH1, RBMJ2, RBPCH2,
RBMJ3, RBPCH3, RBMJ4, RBPCH4, F272 and G155 were
obtained from Sericulture Research Department-Plant Protec-
tion Research Institute-Agricultural Research Center. Thirteen
hybrids resulted from crossing; there are C1 (F272 X G155),
C2 (RBMJ1 X RBPCH3), C3 (RBMJ1 X RBMJ4), C4
(RBPCH1 X RBMJ4), C5 (RBMJ2 X RBMJ1), C6 (RBMJ2
X RBMJ4), C7 (RBPCH2 X RBMJ1), C8 (RBPCH2 X
RBMJ2), C9 (RBMJ3 X RBMJ1), C10 (RBPCH3 X RBMJ1),
C11 (RBMJ4 X RBMJ3), C12 (RBPCH4 X RBMJ1) and C13
(RBPCH4 X RBPCH1).Rearing silkworm procedure
Larvae of silkworm were fed four times daily. Mulberry leaves
of Morus alba var Kanava 2 were used for feeding larvae.
Foam and polythene cover and bottom used during the young
instars (Ghazy, 2008). Each hybrid was represented by three
replicates. The experiment was conducted at the Sericulture
Research station – El Qanater El-Khyria.
Investigated characters
Nineteen parameters were taken into consideration. There were
cocoon weight (CW), cocoon shell weight (CSW), pupal weight
(PW), cocoon shell ratio (CSR), silk productivity (SP), pupa-
tion ratio (PR), cocooning percentage (CP), number of fertile
eggs (No. of fertile eggs), fecundity (Fecun), fertility (Fertil),
coefﬁcient of laying eggs (Co-egg laying), ﬁfth instar duration
(FD), total larval duration (LD), mortality percentage during
fourth and ﬁfth instar (Mort), double cocoon percentage
(DCP), number of cocoon per liter (C/L), number of unfertile
eggs (No. of unfertile eggs), number of undeposited eggs (No.
of undepo) and co-efﬁcient of unlaid eggs (Co-unlaid eggs).
Double cocoon percentage and pupation ratio were calcu-
lated according to the following formulae of Lea (1996).
The Co-efﬁcient of laid and unlaid eggs was calculated
using the following formulae of Narain et al. (2003).
Co-efficient of laying eggs ¼ Number of eggs laid=Total number of
laid and unlaid eggs 100
Co-efficient of unlaid eggs ¼ Number of unlaid eggs = Total number of
laid and unlaid eggs  100
Eleven positive traits were taken into consideration. These
were cocoon weight, cocoon shell weight, pupal weight, co-
coon shell ratio, silk productivity, pupation ratio, cocooning
percentage, number of fertile eggs, fecundity, fertility and co-
efﬁcient of laying eggs.
Eight negative directions were used. These were ﬁfth instar
duration, total larval duration, mortality percentage, double
cocoon percentage, number of cocoon per liter, number of
unfertile eggs, number of undeposited eggs and co-efﬁcient
of unlaid eggs (Sudhakara et al., 2001; Jaiswal and Goel,
2003 and Suresh Kumar et al., 2011).
Equations of evaluation index
Evaluation index
Evaluation index was calculated using the following formula
according to Mano et al. (1993):
Evaluation index ðEIÞ ¼ ððA BÞ=C 10Þ þ 50
where A=Value obtain for a particular trait of the particular
hybrid. B=Mean value of the particular trait of all the con-
sidered hybrids. C= Standard deviation (n-1) of a particular
trait of all the considered hybrids. 10 = standard unit,
50 = Fixed value.
In order to judge superiority of hybrid genotypes impar-
tially, a common evaluation index is necessarily adopted giving
equal emphasis to all the commercial economic traits. The
average of evaluation index value ﬁxed to select a hybrid
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value higher than 50 have been considered of great economic
importance.
Mulberry silkworm characters were not the same direction.
Some silkworm traits have positive directions such as weights
of cocoon, pupae, shell, cocoon yield . . . etc and some charac-
ters have negative directions such as ﬁfth instar duration, total
larval duration, mortality percentage, double cocoon percent-
age, number of cocoon per liter . . . etc.
So that, it is difﬁcult to determine the best hybrids of eval-
uation index values for negative direction characters. Some
modiﬁcations of these equations must be made available for
negative and positive directions characters.
Suggested modiﬁcation of evaluation index equation
It is suggested that, ððA BÞ=C 10Þ will be multiplied by 1
followed by the direction of the character. Hence the positive
direction will be multiplied by +1 and the negative direction
will be multiplied by 1.
Suggested equation of characters with positive direction is
Evaluation index ðEIÞ ¼ þ1 ððA BÞ=C 10Þ þ 50
Hence
Evaluation index ðEIÞ ¼ ððA BÞ=C 10Þ þ 50
Suggested equation of characters with negative direction is
Evaluation index ðEIÞ ¼ 1 ððA BÞ=CÞ  10Þ þ 50
Then
Evaluation index ðEIÞ ¼ 50 ððA BÞ=C 10Þ
Now it is right to apply the role judgment of the evaluation
index for both character directions which stated that, in order
to judge superiority of hybrid genotypes impartially, a com-
mon evaluation index is necessarily adopted giving equal
emphasis to all the commercial economic traits. The average
of evaluation index value ﬁxed to select a hybrid genotype is
over 50. Only the hybrids with an evaluation index value high-
er than 50 have been considered of great economic importance
for both characters with negative and positive directions.
Modiﬁcation has been suggested to overcome this problem.
So, at ﬁrst the direction of the character must be determined,
and then suggested equations will be adopted according to
the direction of tested character.
Subordinate function
Regular equation
The Subordinate Function values were calculated using for-
mula of Gower, 1971 as follows:
XU ¼ ðXi  XminÞ=ðXmax  XmaxÞ
where XU = Subordinate Function, Xi =Measurement of
character of a tested genotype, Xmin = the minimum value of
the character among all the tested genotypes, Xmax = the max-
imum value of the character from all the tested genotypes.
The highest cumulative Subordinate Function values as-
signed ﬁrst rank and subsequent ranks are assigned in the
descending order.When, this formula adopting the negative direction charac-
ters some errors will appear, for that some modiﬁcations are
suggested to overcome such problem.
Modifying equation
The regular equation Xmin is the lowest value of the trait and
Xmax is highest value of the trait, but these cause some
problems when calculated for characters with negative direc-
tions. To overcome such problems some modiﬁcations were
made.
It assumes that:
Xmin equivalent Xworst is the worst value of this character
among all the tested genotypes.
Xmax equivalent Xbest is the best value of this character
among all the tested genotypes.
Then
XU ¼ ðXi  XworstÞ=ðXbes  XworstÞ
where XU = Subordinate Function, Xi =Measurement of
character of a tested genotype, Xworst = the worst value of this
character among all the tested genotypes, Xbest = the best va-
lue of this character among all the tested genotypes.
So that, the worst values of characters with positive direc-
tion is lowest value, and it is the highest value for characters
with negative directions. Also, the best value of positive direc-
tion characters is highest value, and in the same time it is the
lowest value of the negative direction characters.
Results and discussion
Performance of silkworm hybrids
Some characters of mulberry silkworm, B. mori L. are positive
directions and highest values of these characters are preferred.
While, other characters are negative directions this means low-
est values are preferred.
As shown in Table 1 ﬁrst eleven characters are positive
directions. So, high values are preferred. While, the last eight
characters are negative direction, lowest values of these charac-
ters are preferred.
Regular evaluation index values of characters with positive
directions
Performances of thirteen single crosses are found in Table 1.
Regular evaluation index values of all single hybrids under
study are found in Table 2.
Data revealed that, hybrids of C1, C3, C4, C5, C7, C10 and
C13 earned highest regular evaluation index values of cocoon
weight character.
Cocoon shell weight character observed higher regular eval-
uation index values for hybrids of C1, C3, C5, C7, C8 and C13.
Seven hybrids of C1, C3, C5, C7, C10, C11 and C13 ac-
quired highest regular evaluation index values for pupal weight
character.
Cocoon shell ratio trait represented higher values of regular
evaluation index for hybrids of C1, C3, C5, C7, C8 and C13.
Silk Productivity character revealed higher values for hy-
brids of C1, C3, C5, C7, C8 and C13 for regular evaluation
index.
Table 1 Mean performance of single cross hybrids of silkworm Bombyx mori L.
Hybrids Characters
C.W CSW PW CSR SP PR CP No. of fertile eggs Fecun Fertil Co – egg laying
C1 1.849 0.418 1.469 22.607 4.601 98.571 96.150 266.000 286.000 93.007 77.577
C2 1.543 0.37 1.171 23.945 3.335 96.250 95.610 382.667 544.667 70.257 98.197
C3 1.831 0.441 1.502 24.073 3.978 98.333 94.298 498.667 518.667 96.144 94.417
C4 1.729 0.314 1.392 18.136 2.818 97.000 98.230 448.000 469.667 95.387 88.173
C5 1.896 0.458 1.539 24.173 4.135 84.444 97.432 466.333 514.333 90.668 81.382
C6 1.72 0.346 1.383 20.131 3.125 93.750 98.898 396.455 421.364 94.088 68.636
C7 1.778 0.459 1.433 25.827 4.112 95.000 95.098 342.750 383.750 89.316 84.620
C8 1.58 0.39 1.182 24.682 3.479 96.667 95.871 632.000 652.000 96.933 98.489
C9 1.651 0.297 1.322 17.984 2.679 92.500 94.230 428.857 477.143 89.880 97.008
C10 1.84 0.362 1.471 19.691 3.270 99.000 97.980 628.333 648.333 96.915 92.796
C11 1.707 0.351 1.392 20.565 3.168 96.250 93.340 454.250 477.750 95.081 89.634
C12 1.463 0.258 1.187 17.624 2.326 98.000 96.708 396.500 420.000 94.405 94.382
C13 1.786 0.394 1.476 22.073 3.584 97.500 95.014 458.000 478.000 95.816 97.851
SD 0.130 0.062 0.127 2.807 0.646 3.862 1.705 101.454 99.429 7.061 9.176
Hybrids Characters
FD LD Mort DCP C/L No. of unfertile eggs No. of undepo Co-unlaid eggs
C1 9.083 28.083 2.620 1.600 100.800 20.000 82.667 22.423
C2 11.083 32.083 2.348 6.000 110.133 162.000 10.000 1.803
C3 11.083 32.083 4.220 3.000 109.200 20.000 30.667 5.583
C4 11.125 32.125 0.787 6.000 111.067 21.667 63.000 11.827
C5 11.083 32.083 1.343 4.500 110.133 48.000 117.667 18.618
C6 11.083 32.083 0.268 2.000 101.733 24.909 192.545 31.364
C7 11.167 32.250 2.199 15.500 111.720 41.000 69.750 15.380
C8 11.208 32.000 2.020 3.500 102.667 20.000 10.000 1.5110
C9 11.083 32.125 4.013 0.000 118.533 48.286 14.714 2.992
C10 11.083 32.083 1.010 1.500 109.200 20.00 50.333 7.204
C11 11.083 32.083 3.000 0.032 111.067 23.500 55.250 10.366
C12 11.083 32.083 2.057 2.000 145.600 23.500 25.000 5.618
C13 11.000 32.125 2.910 4.000 102.667 20.000 10.500 2.149
SD 0.561 1.116 1.178 4.011 11.515 38.804 52.470 9.176
4 U.M.M. GhazyHybrids of C1, C2, C3, C4. C8, C10, C11, C12 and C13
earned highest regular evaluation index values for pupation ra-
tio trait.
Cocooning percentage character showed higher regular
evaluation index values for hybrids of C1, C4. C5, C6, C10
and C12.
Eight hybrids of C3, C4, C5, C8, C9, C10, C11 and C13
represented higher regular evaluation index values for number
of fertile eggs trait.
Fecundity character represented higher regular evaluation
index values for hybrids of C2, C3, C4. C5, C8, C9, C10,
C11 and C13.
All hybrids under study except hybrids of C2 showed high-
est regular evaluation index values for fertility character.
Co-efﬁcient of egg laying parameter appeared best regular
evaluation index for all hybrids except C1, C5 and C6.
All previous hybrids have best regular evaluation index val-
ues for one or more of the ﬁrst eleven characters under study.
At the same time these hybrids acquired best performance val-
ues (Table 1). So that higher evaluation index accompanies
with higher performance.
Regular evaluation index values of characters with negative
directions
The last eight characters are negative directions. This means
lower performance is better than the higher ones.Data in Table 2 observed that, all hybrids under study ex-
cept hybrid C1 earned best regular evaluation index for ﬁfth
instar duration character. Similar results were obtained for to-
tal larval duration.
Hybrids of C1, C2, C3, C9, C11 and C13 acquired best reg-
ular evaluation index values for larval mortality parameters.
Double cocoon percentage trait explained that, only ﬁve
hybrids of C2, C4, C5, C7 and C13 have best values of regular
evaluation index.
Only three hybrids of C7, C9 and C12 have best regular
evaluation index of number of cocoon per liter character.
Four hybrids of C2, C5, C7 and C9 earned best regular
evaluation index of number of unfertile eggs parameter.
Hybrids of C1, C4, C5, C6 and C7 have better regular eval-
uation index values for number of undeposited eggs parameter.
Co-efﬁcient of unlaid eggs showed high regular evaluation
index values for ﬁve hybrids of C1, C4, C5, C6 and C7.
All previous hybrids earned highest regular evaluation in-
dex values for one or more parameters under study. The higher
regular evaluation index value is accompanies with higher per-
formance. So that, the value of regular evaluation index does
not means best performance in this case.
There is no single hybrid earned highest evaluation index
value for all traits together with overall average.
Similar ﬁndings were reported by Ghazy (2007). Forty two
of silkworm, B. mori L. hybrids were evaluated by using Eval-
uation Index Methods which included thirty seven of local
Table 2 Regular Evaluation Index value of positive and negative characters of single cross hybrids of silkworm Bombyx mori L.
Hybrids Characters
C.W CSW PW CSR SP PR CP No. of fertile eggs Fecun Fertil Co – egg laying
C 59.777 57.141 57.176 53.393 68.092 57.601 50.492 34.678 32.851 59.827 43.285
C2 36.380 49.335 33.635 58.160 48.502 51.590 47.324 46.177 58.867 27.608 65.757
C3 58.463 60.853 59.761 58.615 58.454 56.984 39.628 57.611 56.252 64.269 61.638
C4 50.583 40.275 51.056 37.464 40.509 53.532 62.694 52.617 51.324 63.197 54.832
C5 63.409 63.667 62.709 58.971 60.885 21.023 58.013 54.424 55.816 56.513 47.432
C6 49.945 45.577 50.358 44.572 45.255 45.117 66.613 47.537 46.465 61.358 33.542
C7 54.364 63.812 54.279 64.864 60.529 48.354 44.321 42.243 42.682 54.599 50.960
C8 39.184 52.630 34.504 60.784 50.742 52.669 48.856 70.753 69.662 65.386 66.076
C9 44.615 37.590 45.522 36.922 38.353 41.881 39.229 50.730 52.075 55.398 64.462
C10 59.161 48.178 57.353 43.006 47.503 58.711 61.228 70.392 69.293 65.361 59.871
C11 48.951 46.353 51.076 46.118 45.925 51.590 34.008 53.233 52.136 62.764 56.425
C12 30.193 31.277 34.854 35.642 32.899 56.121 53.766 47.541 46.328 61.806 61.599
C13 54.976 53.312 57.715 51.489 52.354 54.827 43.828 53.603 52.162 63.805 65.379
Hybrids Characters
FD LD Mort DCP C/L No. of unfertile eggs No. of undepo Co-unlaid eggs Overall average
C1 16.846 16.759 53.439 44.471 41.040 45.367 55.075 63.071 47.915
C2 52.513 52.613 51.129 55.440 49.146 81.961 41.225 40.599 49.893
C3 52.513 52.613 67.027 47.961 48.335 45.367 45.164 44.718 54.538
C4 53.262 52.990 37.873 55.440 49.956 45.797 51.326 51.523 50.329
C5 52.513 52.613 42.595 51.701 49.146 52.583 61.745 58.924 53.931
C6 52.513 52.613 33.466 45.468 41.851 46.633 76.016 72.814 50.406
C7 54.011 54.110 49.864 79.124 50.524 50.779 52.613 55.395 54.075
C8 54.742 51.869 48.344 49.208 42.661 45.367 41.225 40.280 51.839
C9 52.513 52.990 65.269 40.482 56.441 52.657 42.124 41.894 47.955
C10 52.513 52.613 39.767 44.222 48.335 45.367 48.912 46.485 53.593
C11 52.513 52.613 56.666 40.561 49.956 46.269 49.849 49.931 49.839
C12 52.513 52.613 48.658 45.468 79.947 46.269 44.084 44.756 47.702
C13 51.033 52.990 55.902 50.454 42.661 45.367 41.321 40.976 51.798
Determining superiority of mulberry silkworm crosses 5hybrids and ﬁve hybrids imported from different countries during
Spring 2006. Hybrids of CXH, DXF, FXA, FXD and GXK
acquired best values of Evaluation Index for all traits except
for ﬁfth instar duration. So, these local hybrids can be used in-
stead of the imported hybrids. Also, Babu et al. (2002) evalu-
ated eighteen new bivoltine silkworm B. mori L. hybrids by
using evaluation index method. The results indicated that
one hybrid combination being the best among the 18 hybrids.
Modiﬁcation evaluation index values of characters with positive
directions
Suggesting modiﬁed equations of evaluation index were exam-
ined on the data of nineteen characters of silkworm, B. mori.
Data in Table 3 represented values of modiﬁed evaluation in-
dex of nineteen characters.
No change has occurred in evaluation index values of the
ﬁrst eleven characters.
Modiﬁcation evaluation index values of characters with positive
directions
Only hybrid of C1 earned modiﬁed evaluation index value high-
er than 50 for ﬁfth instar and total larval duration characters.
Hybrids of C4, C5, C6, C7, C8, C10 and C12 have best
modiﬁed evaluation index values for larval mortality percent-
age trait.Double cocoon percentage trait exhibited highest modiﬁed
evaluation index values for hybrids of C1, C3, C6, C8, C9,
C10, C11 and C12.
All hybrids have highest evaluation index values except hy-
brids of C7, C9 andC12 for number of cocoon per liter parameter.
Number of unfertile eggs showed highest evaluation index
values for all hybrids under study except hybrids of C2, C5,
C7 and C9.
Hybrids of C2, C3, C8, C9, C10, C11, C12 and C13 exhib-
ited highest evaluation index values for characters of number
of undeposited eggs and co-efﬁcient of unlaid eggs.
The previous hybrids which earned highest evaluation in-
dex values, have in the same time the best performances.
Tables 2 and 3 average of regular and modiﬁed evaluation
index, respectively. Results revealed that, hybrids of C3, C4,
C5, C6, C7, C8, C10 and C13 are highest values of average
of regular evaluation index. While hybrids of C1, C3, C4,
C5, C8, C10, C11 and C13 have best values of average of mod-
iﬁed evaluation index.
Results of hybrids of C3, C4, C5, C8, C10 and C13 are not
changed. But hybrids of C6 and C7 were changed by hybrids
of C1 and C11.
Regular subordinate function of characters with positive
directions
Table 4 represented results of regular subordinate function val-
ues of thirteen silkworm hybrids. Data revealed that hybrids of
Table 3 Modiﬁed Evaluation Index value of positive and negative characters of single cross hybrids of silkworm Bombyx mori L.
Hybrids Characters
C.W CSW PW CSR SP PR CP N0. of fertile eggs Fecun Fertil Co – egg laying
C1 59.777 57.141 57.176 53.393 68.092 57.601 50.492 34.678 32.851 59.827 43.285
C2 36.380 49.335 33.635 58.160 48.502 51.590 47.324 46.177 58.867 27.608 65.757
C3 58.463 60.853 59.761 58.615 58.454 56.984 39.628 57.611 56.252 64.269 61.638
C4 50.583 40.275 51.056 37.464 40.509 53.532 62.694 52.617 51.324 63.197 54.832
C5 63.409 63.667 62.709 58.971 60.885 21.023 58.013 54.424 55.816 56.513 47.432
C6 49.945 45.577 50.358 44.572 45.255 45.117 66.613 47.537 46.465 61.358 33.542
C7 54.364 63.812 54.279 64.864 60.529 48.354 44.321 42.243 42.682 54.599 50.960
C8 39.184 52.630 34.504 60.784 50.742 52.669 48.856 70.753 69.662 65.386 66.076
C9 44.615 37.590 45.522 36.922 38.353 41.881 39.229 50.730 52.075 55.398 64.462
C10 59.161 48.178 57.353 43.006 47.503 58.711 61.228 70.392 69.293 65.361 59.871
C11 48.951 46.353 51.076 46.118 45.925 51.590 34.008 53.233 52.136 62.764 56.425
C12 30.193 31.277 34.854 35.642 32.899 56.121 53.766 47.541 46.328 61.806 61.599
C13 54.976 53.312 57.715 51.489 52.354 54.827 43.828 53.603 52.162 63.805 65.379
Hybrids Characters
FD LD Mort DCP C/L No. of unfertile eggs No. of undepo Co-unlaid eggs Overall Average
C1 83.154 83.241 46.561 55.529 58.960 54.633 44.925 36.929 54.645
C2 47.487 47.387 48.871 44.560 50.854 18.039 58.775 59.401 47.300
C3 47.487 47.387 32.973 52.039 51.665 54.633 54.836 55.282 54.149
C4 46.738 47.010 62.127 44.560 50.044 54.203 48.674 48.477 50.522
C5 47.487 47.387 57.405 48.299 50.854 47.417 38.255 41.076 51.634
C6 47.487 47.387 66.534 54.532 58.149 53.367 23.984 27.186 48.156
C7 45.989 45.890 50.136 20.876 49.476 49.221 47.387 44.605 49.189
C8 45.258 48.131 51.656 50.792 57.339 54.633 58.775 59.720 54.608
C9 47.487 47.010 34.731 59.518 43.559 47.343 57.876 58.106 47.495
C10 47.487 47.387 60.233 55.778 51.665 54.633 51.088 53.515 55.886
C11 47.487 47.387 43.334 59.439 50.044 53.731 50.151 50.069 50.012
C12 47.487 47.387 51.342 54.532 20.053 53.731 55.916 55.244 46.196
C13 48.967 47.010 44.098 49.546 57.339 54.633 58.679 59.024 53.829
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ular subordinate function of cocoon weight character.
Cocoon shell weight showed highest values of regular
subordinate function for hybrids of C1, C3, C5, C7, C8 and
C13.
Seven hybrids of C1, C3, C5, C7, C10, C11 and C13 have
highest values of regular subordinate function of pupal weight
trait.
Only six hybrids of C1, C2, C3, C5, C7 and C8 have highest
values of regular subordinate function of cocoon shell ratio
character.
Silk productivity trait appeared higher values of regular
subordinate function for hybrids of C1, C3, C5, and C7.
All hybrids registered highest values of regular subordinate
function except hybrid C9 for pupation ratio trait.
Cocooning percentage character recorded highest regular
subordinate function values for hybrids of C4, C5, C6, C10
and C12.
Only three hybrids of C3, C8, and C10 have highest values
for number of fertile eggs.
Five hybrids of C2, C3, C5, C8 and C10 earned highest reg-
ular subordinate function values for fecundity character.
All hybrids except C2 hybrid showed the highest values of
regular subordinate function of fertility trait.
Except four hybrids of C1, C5, C6 and C7 all hybrids have
highest values of regular subordinate function for co-efﬁcient
of egg laying character.All previous hybrids earned best values of regular subordi-
nate function accompanied with highest performance.
Regular subordinate function of characters with negative
directions
All hybrids except hybrids C1 earned highest values of regular
subordinate function for ﬁfth instar and total larval durations
traits.
Four hybrids of C3, C9, C11 and C13 have highest values
of regular subordinate function for larval mortality character.
Only one hybrid of C7 has highest values of regular subor-
dinate function for double cocoon percentage trait.
Number of cocoon per liter exhibited only one hybrid of
C12 acquiring the highest values of regular subordinate
function.
Hybrid C2 has best values of regular subordinate function
of number of unfertile eggs trait.
Number of undeposited eggs parameter recorded two
hybrids of C5 and C6 earning the highest values of regular
subordinate function.
Three hybrids of C1, C5 and C6 acquired highest values of
regular subordinate function for co-efﬁcient of unlaid eggs
parameter.
The previous hybrids have highest values of regular subor-
dinate function campaign with worst values of the
performance.
Table 4 Regular Subordinate Function values of positive and negative characters of single cross hybrids of silkworm Bombyx mori L.
Hybrids Characters
C.W CSW PW CSR SP PR CP No. of fertile eggs Fecun Fertil Co – egg laying
C1 0.891 0.795 0.810 0.607 1.000 0.971 0.506 0.000 0.000 0.853 0.299
C2 0.186 0.555 0.000 0.771 0.443 0.811 0.408 0.319 0.707 0.000 0.990
C3 0.851 0.909 0.899 0.786 0.726 0.954 0.172 0.636 0.636 0.970 0.864
C4 0.614 0.277 0.599 0.062 0.216 0.863 0.880 0.497 0.502 0.942 0.654
C5 1.000 0.996 1.000 0.798 0.795 0.000 0.736 0.547 0.624 0.765 0.427
C6 0.595 0.440 0.575 0.306 0.351 0.639 1.000 0.356 0.370 0.893 0.000
C7 0.728 1.000 0.710 1.000 0.785 0.725 0.316 0.210 0.267 0.714 0.535
C8 0.271 0.656 0.030 0.860 0.507 0.840 0.455 1.000 1.000 1.000 1.000
C9 0.434 0.194 0.409 0.044 0.155 0.553 0.160 0.445 0.522 0.736 0.950
C10 0.872 0.519 0.816 0.252 0.415 1.000 0.835 0.990 0.990 0.999 0.809
C11 0.565 0.463 0.600 0.359 0.370 0.811 0.000 0.514 0.524 0.931 0.703
C12 0.000 0.000 0.042 0.000 0.000 0.931 0.606 0.357 0.366 0.905 0.862
C13 0.746 0.677 0.828 0.542 0.553 0.897 0.301 0.525 0.525 0.958 0.979
Hybrids Characters
FD LD Mort DCP C/L No. of unfertile eggs No. of undepo Co-unlaid eggs Cumulative
C1 0.000 0.000 0.595 0.103 0.000 0.000 0.398 0.701 8.528
C2 0.941 0.960 0.526 0.387 0.208 1.000 0.000 0.010 9.223
C3 0.941 0.960 1.000 0.194 0.188 0.000 0.113 0.136 11.935
C4 0.961 0.970 0.131 0.387 0.229 0.012 0.290 0.346 9.432
C5 0.941 0.960 0.272 0.290 0.208 0.197 0.590 0.573 11.720
C6 0.941 0.960 0.000 0.129 0.021 0.035 1.000 1.000 9.611
C7 0.981 1.000 0.489 1.000 0.244 0.148 0.327 0.465 11.644
C8 1.000 0.940 0.443 0.226 0.042 0.000 0.000 0.000 10.270
C9 0.941 0.970 0.948 0.000 0.396 0.199 0.026 0.050 8.132
C10 0.941 0.960 0.188 0.097 0.188 0.000 0.221 0.191 11.283
C11 0.941 0.960 0.691 0.002 0.229 0.025 0.248 0.297 9.233
C12 0.941 0.960 0.453 0.129 1.000 0.025 0.082 0.138 7.797
C13 0.902 0.970 0.669 0.258 0.042 0.000 0.003 0.021 10.395
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directions
No change has occurred in values of modiﬁed subordinate
function when the modiﬁed equation applied to the positive
direction characters
Modiﬁcation subordinate function of characters with negative
directions
C1 hybrid has best values of modiﬁed subordinate function of
ﬁfth instar and total larval durations traits.
Four hybrids of C4, C5, C6 and C10 have highest values of
modiﬁed subordinate function for larval mortality character.
All hybrids except C7 hybrid have highest values of modiﬁed
subordinate function for double cocoon percentage character.
Number of cocoon per liter character registered highest val-
ues of modiﬁed subordinate function for all hybrids under
study except C12 hybrid.
All hybrids except hybrid C2 have best values of modiﬁed
subordinate function of number of unfertile eggs trait.
Number of undeposited eggs parameter recorded all hy-
brids except C5 and C6 earning the highest values of modiﬁed
subordinate function.
All hybrids except hybrids of C1, C5 and C6 acquired high-
est values of modiﬁed subordinate function for co-efﬁcient of
unlaid eggs parameter.The previous hybrids have highest values of modiﬁed sub-
ordinate function campaign with best values of the perfor-
mance (Table 5).
Ranking of single mulberry silkworm hybrids
Average of regular and modiﬁed evaluation indexes and cumu-
lative subordinate function values were arranged in descending
order (Table 6). Hybrids of C3, C10, C4 and C13 have the
same ranks for average of regular evaluation index and accu-
mulative of regular subordinate function.
Hybrids of C3, C7, C5, C10 and C8 are highest for average
of regular evaluation index and accumulative of regular subor-
dinate function. These results are coincident with the results of
Ramesha et al. (2009) who evaluated 25 crosses for their per-
formance on eight important economical genetic traits. The
data obtained on the traits such as fecundity, yield per
10,000 larvae by number, single cocoon weight, shell weight,
shell ratio, ﬁlament length and reliability were based on two
popular evaluation methods such as multiple traits Evaluation
Index (EI) and Sub-ordinate Function (SF) methods, the 5 new
hybrid combinations (APM12xAPDR105, APM6xAPS12,
APM4xPDR105, APM10xSDD1 and APM10xSDD3) shown
above 50 EI values with SF values varied from 5.663 to
7.596 were identiﬁed as superior over the control hybrid and
recommended for large scale in laboratory trail. Further, based
on the lab and ﬁeld performance promising crossbreed will be
Table 5 Modiﬁed Subordinate Function values of positive and negative characters of single cross hybrids of silkworm Bombyx mori L.
Hybrids Characters
C.W CSW PW CSR SP PR CP No. of fertile eggs Fecun Fertil Co – egg laying
C1 0.891 0.795 0.810 0.607 1.000 0.971 0.506 0.000 0.000 0.853 0.299
C2 0.186 0.555 0.000 0.771 0.443 0.811 0.408 0.319 0.707 0.000 0.990
C3 0.851 0.909 0.899 0.786 0.726 0.954 0.172 0.636 0.636 0.970 0.864
C4 0.614 0.277 0.599 0.062 0.216 0.863 0.880 0.497 0.502 0.942 0.654
C5 1.000 0.996 1.000 0.798 0.795 0.000 0.736 0.547 0.624 0.765 0.427
C6 0.595 0.440 0.575 0.306 0.351 0.639 1.000 0.356 0.370 0.893 0.000
C7 0.728 1.000 0.710 1.000 0.785 0.725 0.316 0.210 0.267 0.714 0.535
C8 0.271 0.656 0.030 0.860 0.507 0.840 0.455 1.000 1.000 1.000 1.000
C9 0.434 0.194 0.409 0.044 0.155 0.553 0.160 0.445 0.522 0.736 0.950
C10 0.872 0.519 0.816 0.252 0.415 1.000 0.835 0.990 0.990 0.999 0.809
C11 0.565 0.463 0.600 0.359 0.370 0.811 0.000 0.514 0.524 0.931 0.703
C12 0.000 0.000 0.042 0.000 0.000 0.931 0.606 0.357 0.366 0.905 0.862
C13 0.746 0.677 0.828 0.542 0.553 0.897 0.301 0.525 0.525 0.958 0.979
Hybrids Characters
FD LD Mort DCP C/L No. of unfertile eggs No. of undepo Co-unlaid eggs Cumulative
C1 1.000 1.000 0.405 0.897 1.000 1.000 0.602 0.299 12.934
C2 0.059 0.040 0.474 0.613 0.792 0.000 1.000 0.990 9.158
C3 0.059 0.040 0.000 0.806 0.813 1.000 0.887 0.864 12.871
C4 0.039 0.030 0.869 0.613 0.771 0.988 0.710 0.654 10.780
C5 0.059 0.040 0.728 0.710 0.792 0.803 0.410 0.427 11.657
C6 0.059 0.040 1.000 0.871 0.979 0.965 0.000 0.000 9.440
C7 0.019 0.000 0.511 0.000 0.756 0.852 0.673 0.535 10.338
C8 0.000 0.060 0.557 0.774 0.958 1.000 1.000 1.000 12.969
C9 0.059 0.030 0.052 1.000 0.604 0.801 0.974 0.950 9.073
C10 0.059 0.040 0.812 0.903 0.813 1.000 0.779 0.809 13.713
C11 0.059 0.040 0.309 0.998 0.771 0.975 0.752 0.703 10.447
C12 0.059 0.040 0.547 0.871 0.000 0.975 0.918 0.862 8.342
C13 0.098 0.030 0.331 0.742 0.958 1.000 0.997 0.979 12.666
Table 6 Ranking of single cross hybrids of silkworm Bombyx mori L calculated by regular and modiﬁed equations.
Hybrids Average of
regular
evaluation
index
Serial number Cumulative
regular
subordinate
function
Serial
number
Hybrids Average of
modiﬁed
evaluation
index
Serial
number
Cumulative
modiﬁed
subordinate
function
Serial number
C3 54.538 1 11.935 1 C10 55.886 1 13.713 1
C7 54.075 2 11.644 3 C1 54.645 2 12.934 3
C5 53.931 3 11.720 2 C8 54.608 3 12.969 2
C10 53.593 4 11.283 4 C3 54.149 4 12.871 4
C8 51.839 5 10.270 6 C13 53.829 5 12.666 5
C13 51.798 6 10.395 5 C5 51.634 6 11.657 6
C6 50.406 7 9.611 7 C4 50.522 7 10.780 7
C4 50.329 8 9.432 8 C11 50.012 8 10.447 8
C2 49.893 9 9.223 10 C7 49.189 9 10.338 9
C11 49.839 10 9.233 9 C6 48.156 10 9.440 10
C9 47.955 11 8.132 12 C9 47.495 11 9.073 12
C1 47.915 12 8.528 11 C2 47.300 12 9.158 11
C12 47.702 13 7.797 13 C12 46.196 13 8.342 13
8 U.M.M. Ghazyidentiﬁed and adjudicated for the commercial exploitation at
farmer’s level.
While hybrids of C10, C3, C13, C5, C4, C11, C7, C6 and
C12 have the same ranks for average of modiﬁed evaluation in-
dex and accumulative of regular subordinate function.
Hybrids of C10, C1, C8, C3 and C13 are ranking ﬁrst order
with slight differences.Conclusions
Generally, when the regular evaluation index and subordinate
function formulae applied to silkworm characters with nega-
tive directions problems would be faced. Modiﬁcations made
in the formulae of evaluation index and subordinate function
Determining superiority of mulberry silkworm crosses 9ﬁxed the error appeared when applying these formulae with
the negative direction characters. So, modiﬁcation of formulae
would change the decision of judgment of superiority of some
hybrid genotypes.
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